Summary. Angiotensin I converting enzyme (ACE) 
Introduction
Angiotensin I converting enzyme (ACE) is possibly a key regulatory component of two physiologically active substances, angiotensin II and bradykinin, both involved in regulation of blood flow (Elisseeva, Orechovich, Pavlikhina & Alexeenko, 1971) . It catalyses the formation of the vasoactive octapeptide angiotensin II from the decapeptide angiotensin I (Lentz, Skeggs, Woods, Kahn & Shumway, 1956 ) and it has a high affinity to bradykinin, which is degraded by splitting off a dipeptide (Yang, Erdoes & Levin, 1971) (EC 3.4.15.1) .
In the rat, blood plasma and most of the tissues contain measurable ACE activity. High specific activities occur in lung and in segments of digestive tract, but the highest activities are in testis and epididymis (Cushman & Cheung, 1971; Schweisfurth & Dahlheim, 1978) . The lungs of immature rats contain normal ACE concentrations but the activity of testes increases markedly during maturation in intact, but not in hypophysectomized, rats, suggesting an endocrine control of enzyme synthesis there (Cushman & Cheung, 1971) . In the epididymis the distribution and control of ACE has not been previously elucidated. During their transit through the ductus epididymidis spermatozoa develop and mature due to changes in composition of the seminal fluid caused by the resorptive and secretory activities of the epithelium lining the duct (Levine & Marsh, 1971; Setchell, 1974; Hamilton, 1975; Voglmayr, 1975; Hohlbrugger, 1980) . It is therefore likely that there would be regional variations in ACE activity, and specific ACE activity was measured within the tissues of the various regions of the male tract of rats. The prostate and coagulating gland do not possess measurable ACE activities (Cushman & Cheung, 1971) and were not investigated. The influence of age and sexual stimulation due to mating was also studied and some in-vitro experiments were performed to characterize the enzyme. (Back, Shenton & Glover, 1974) . The various age groups studied were immature (<1 month), pubertal (1-2 months) and mature (2-6 months). To study the effect of mating each mature male was caged with 3 mature females for 2 weeks before being killed.
Text- fig. 1 . Diagrammatic representation of sites from which samples were taken.
Sample preparation. Weighed specimens (about 3 mg) or luminal fluid (5 µ diluted with 500 ul 0-9% NaCl) were mechanically homogenized (2 1 min) using a Potter Homogenizer, ultrasonically disintegrated (15 2 sec) with an HSE 100 Watt disintegrator, and then centrifuged for 1 min at about 12 000 g. The supernatant was separated and immediately used for ACE assay. All procedures were performed below +4°C as quickly as possible.
Chemical analysis. ACE was measured using the method of Piquilloud, Reinharz & Roth (1970) with the synthetic substrate Z-Phe-His-Leu (Z = benzyloxycarbonyl), which is not hydrolysed by most other tissue peptidases. From this compound ACE splits off the dipeptide His-Leu, which is measured fluorometrically following its reaction with orthophthaldialdehyde.
For this purpose, 10 µ of the supernatant from the tissue preparation were mixed with borax phosphate buffer (0-05 M-tetraborate, Merck) containing 1% NaCl (final concentration). The mixture was incubated up to 60 min at optimal pH (8-0) and temperature (37°C (Text-fig. 3 ).
In-vitro characteristics pH. ACE activity was maximal at pH (Text-fig. 4a) with a 50% inhibition at 320 pg/ml (Text- fig. 5 ). (Levine & Marsh, 1971 ) and 34% (Howards, Johnson & Jesse, 1975) in the more distal segments of the epididymis. Hence, a 3-6-fold fluid concentration can be calculated between rete testis and vas deferens. Therefore any fluid concen¬ tration exceeding the 3-fold value means loss of enzymic activity during transit through the epididymis. Furthermore, the lower enzymic activity obtained from tissue specimens suggests that there is an ACE-inhibiting substance within the tissue, particularly within the epithelium of the excurrent ducts, which is liberated by the homogenization procedure and probably secreted into the seminal fluid under physiological conditions with increasing amounts towards the end of the excurrent ducts. Reabsorption of the enzyme in the epididymis is unlikely.
Gonadal ACE rises at the onset of puberty and as puberty is induced by changes in the hypothalamic-pituitary-gonadal axis (Grumbach, Roth, Kaplan & Kelch, 1974) , gonadal ACE synthesis is most likely to be under endocrine control (Resko, Feder & Goy, 1968) . This was further supported by the increase of ACE after mating which corresponds with increased serum testosterone levels (Herz, Folman & Drori, 1969; Purvis & Haynes, 1974; Dessi-Fulgheri, Lupo di Prisco & Verdarelli, 1975; Kamel, Wright, Mock & Frankel, 1977) . Since the increase of ACE activity within the tissue specimens of the epididymis was comparably small at the onset of puberty and failed to occur after mating one might assume a simultaneous endocrine control of ACE inhibitor synthesis and secretion as it is known for other secretion products of the epididymis (Brooks, 1977; Wong & Yeung, 1978; Schenck, 1980) . ACE has been purified from human seminal plasma (Depierre & Roth, 1974) , but the contribution of gonadal ACE or of its substrates to male fertility has not yet been clarified. One ACE substrate bradykinin is thought to be an important factor for sperm motility and spermiogenesis (Schill & Haberland, 1974; Rohen, 1978) . Intraperitoneally administered kallikrein, the enzyme involved in bradykinin formation, is concentrated in the epithelium of the epididymis in rats (Blasini et al, 1979) . The other possible substrate of ACE, angiotensin I, has not been detected in human seminal plasma, whereas renin, the enzyme involved in the formation of angiotensin I, has been demonstrated in concentrations similar to those in blood plasma (Craven, Warren & Symonds, 1981 (Case et al, 1978) but it is not known whether this inhibitor would penetrate through the blood-testis barrier. If it does not, then it is not likely to affect the activity of the enzyme inside the seminiferous tubules. The temperature behaviour of gonadal ACE should be studied more thoroughly as the normal temperature of the scrotum is lower than 37°C (Harrison, 1975) . The influence of pH on gonadal ACE may also be important, as the pH of the luminal fluid alters remarkably during its passage through the epididymis (Levine & Marsh, 1971 ; Levine & Kelly, 1978) .
It is concluded that gonadal ACE is similar to that of lung and plasma and may be involved with the physiology of male reproduction in the rat. The search for the cellular site of gonadal
